SUMMARY Cortical Mood flow was evaluated at the time of surgery with a thermal diffusion flow probe in 25 extracranial-intracranial bypass operations. The procedures were performed 14 times for carotid occlusion, 6 times for inaccessible carotid stenosis, on 3 occasions for middle cerebral occlusion, once for basilar occlusion and once for middle cerebral stenosis. Fifty-seven different cortical regions were evaluated before and after completion of the anastomosis.
THE RATIONALE for extracranial-intracranial (EC-IC) bypass is to provide an additional conduit into the vascular bed in order to improve blood flow in ischemic regions. Pre-and postoperative cerebral blood flow (CBF) studies have shown increased flow. 1 
"
3 Additionally, after EC-IC bypass the donor vessel has been shown to enlarge, therefore improving cerebral perfusion. 4 Acute changes at surgery have not been so extensively studied. Austin 3 and Fein 6 have both demonstrated improved cortical metabolism at the time of surgery. Little et al, showed improved CBF acutely at surgery using Xe 133 clearance studies and fluorescein angiography. 7 To evaluate acute changes in CBF at surgery, we employed a thermal diffusion flow probe which was previously calibrated against Xe l33 clearance. This allows a continuous monitor of regional CBF (rCBF) during the operative procedure. 8 Precise areas of cortex can be checked before and after bypass.
Methods
Cortical blood flow was measured in 25 EC-IC bypasses in 24 patients in 57 cortical regions before and after completion of the anastomosis. One cortical region was continuously monitored during the anastomosis in each operative procedure. Twenty-two superficial temporal-middle cerebral anastomosis, two saphenous vein grafts to a middle cerebral artery (MCA) branch (patient M.T. was from the subclavian and patient V.S. was from common carotid) and one superficial temporal to superior cerebellar artery were performed. CT scans and complete angiography were performed in all cases. Angiographic diagnosis re-vealed internal carotid (ICA) occlusion in 14, ICA stenosis (greater than 70%) in 6, middle cerebral artery (MCA) occlusion in 3, upper basilar occlusion in one and MCA stenosis in one.
The patients presented with a transient ischemic attack (TIA), reversible ischemic neurological deficit (RIND) or a small stroke. Anesthesia was induced with barbiturates and maintained with volatile anesthesia (enflurane), nitrous oxide and oxygen. Controlled ventilation was maintained throughout the procedure. Continuous arterial blood pressure (BP) was monitored and arterial blood gases (ABG) were checked intermittently. A 4-5 cm craniotomy was performed. Once the dura was opened and the site of anastomosis was chosen, the thermal probe was placed on the cortex, avoiding surface vascular channels. Depending upon the anatomy, the probe was placed 1 to 3 cm from the anastomotic site ( fig. 1 ). One to four regions were evaluated. The probe was then left on the cortex in an area which would not hinder the surgical procedure. After completion of the bypass papaverine hydrochloride was applied to the vessels of the anastomosis. The same regions were measured prior to dural closure. The rCBF was recorded simultaneously with BP on a Grass Polygraph. Postoperative angiography was requested in all patients but was not obtained in three. Recently, digital venous angiography has been used instead of standard arteriography.
The probe has been previously described and consists of a Peltier stack which creates a thermal gradient between two gold plates. The temperature difference is recorded and has been shown to correlate with cortical blood flow measured with Xe 133 clearance as well as hydrogen clearance.
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Statistical evaluation was performed on the PDP-12 computer with T-test comparison of groups. clinical condition following the procedure. One patient developed recurrent TIAs despite a patent bypass and was found to have a subdural hematoma. Upon draining the subdural hematoma, the ischemic episodes stopped. Another patient had a patent bypass but subsequently embolized presumably from a carotid stump causing an infarction. One patient with a vein graft had marked improvement in somatosensory evoked responses after the procedure.
Results

All
The initial rCBF values ranged from 4 to 118 ml/100 g/min, with a mean of 58 ± 25 ml/100 g/min. There was marked variability within the same patient. Of the 19 operative procedures with more than one site studied, the variability of rCBF ranged from 0 to 74 ml/100 g/min with a mean variability of 30.5 ml/100 g/min.
During temporary occlusion of the cortical vessel while performing the anastomosis, no significant drop in rCBF was found. Only one region could be sampled during occlusion. The individual values are listed in table 1. When all cortical regions were considered, the prebypass rCBF was 58.4 ± 25.3 ml/100 g/min and posfbypass rCBF was 66.4 ± 24.4 ml/100 g/min. This was significantly different with p < .01. Simultaneously, pre-and postbypass BP was 89.8 ± 1 1 . 7 torr and 91.3 ± 9.8 torr respectively, which was not significantly different. pCO 2 was 32.4 ± 6.0 torr and 31.1 ± 3.3 torr respectively pre-and postbypass. This was not statistically significant at p < .05. The reduced pCO 2 would tend to reduce the postbypass rCBF, thus reducing the difference before and after bypass.
Since our normal cortical blood flow ranges from 60 to 80 ml/100 g/min in the resting anesthetic state, we feel that flows below 50 ml/100 g/min were reduced and divided the cortical regions into those with prebypass flows below 50 ml/100 g/min and those which were 50 ml/100 g/min or greater.
In the 32 regions with flows 50 ml/100 g/min or greater, the rCBF was 74.8 ± 19.7 and 76.5 ± 24.2 ml/100 g/min before and after bypass. These mean values are obviously not significantly different. In the 23 regions with initial reduced flows, the prebypass CBFp was 35.7 ± 10.0 and the postbypass CBF was 52.4 ± 16.9 ml/100 g/min. This was a significant difference withp < .01. No statistical difference was found between BP. pCO 2 following bypass was reduced from 33.28 ± 8.0 to 30.24 ± 2.5. This was significant at p < .05 which would tend to reduce rCBF. When levels of 40 ml/100 g/min and 60 ml/100 g/min were used as the level of ischemia, pre-and postbypass rCBF remained statistically significant at/? < .01.
When the postbypass rCBF in the regions with initially reduced blood flow (52.4 ± 16.9 ml/100 g/min) was compared to the rCBF of the postbypass normal regions (76.5 ± 24.2 ml/100 g/min), there remained a significant difference at p < .01. Even though there was an increase in the rCBF in these reduced flow regions, rCBF remained subnormal. rCBF values were not helpful in predicting which bypasses would fail.
Discussion
During the operation, as near a steady state as possible was maintained. The BP was very constant and the small drop in pCO 2 during the procedure should, if anything, cause a reduction in the postbypass rCBF. If the increase in rCBF was due to hyperemia from exposure of the cortex, or from local vasodilators, we would anticipate that flow in all regions would be increased. This was not seen in the regions with initial normal flows.
Austin and Fein have both demonstrated acute improvement in metabolic function of the cortex during EC-IC bypass. Austin showed an increase in cortical oxygen tension and in the oxidized level of cytochrone A and A 3 following anastomosis." Fein found improvement in nicotiniamide adenine dinucleotide kinetics in ischemic areas after bypass but no change in normal areas or in regions of infarction as demonstrated by computerized tomography. 12 Little, et al, using intraoperative fluorescein angiography and X e m clearance, demonstrated an immediate substantial increase (15 ml/100 g/min) in 73% of their patients undergoing STA-MCA bypass. 7 They found a general increase in cortical flow but did not describe what changes occurred in areas without reduced flows. They did not find the variability in rCBF which we found. This was probably the result of different techniques of measuring rCBF.
Our thermal diffusion technique of measuring cortical blood flow has better definition than standard isotope clearance methods and allows a continuous nontraumatic assessment of cortical flow. Continuous recording provides observations during actual vascular occlusion.
Our technique measures cortical flow which is gray flow or the fast component of Xe l33 clearance. This is much more variable than whole brain flow. In ischemia the vascular reserve, or the ability to increase flow should the metabolic demand arise, is lost before rCBF falls. Our patients all had clinical and angiographic evidence of ischemia even though some had seemingly normal flows. Presumably these patients had compromise of their vascular reserve which was not tested.
Our results demonstrate that no significant decline in rCBF occurs with temporary cortical arterial occlusion. This is most likely due to the extensive cortical anastomotic channels present which allow adequate cortical perfusion. This confirms the clinical impression from a wide experience in the literature -that it is safe to temporarily occlude a cortical branch for anastomosis.
Our results demonstrate no major change in regions that already have normal cortical blood flow. The improvement in flow was substantial in regions with reduced initial flows. This increase, however, does not increase the flow to "normal." We thus see a "smoothing" of cortical flow with increases only in areas of reduced flows. Flow does not reach normal levels. Other techniques such as multiple grafts may further improve the flow in reduced areas. Possibly in the postoperative period enlargement of the graft may allow further increase in flows in these regions. 2. This increase is not adequate to provide "normal" flow to ischemic areas.
Conclusion
3. Relatively normal flow areas are not affected by the bypass.
4. Temporary cortical vascular occlusion does not significantly reduce cortical flow during anastomosis.
5. A wide variability of rCBF exists between patients and within the same operative field in patients with cerebral ischemia. The regression coefficient of blood pressure regressed on time (the increase in blood pressure per cycle) was used as an index of the change in blood pressure with time. Cox's regression analysis, a technique which is suitable for follow-up studies was used.
Relationship Between Longitudinal Changes in
The data suggest that a single blood pressure measurement is not sufficient for predicting risk; the accumulated value or average over a period of time should be considered for this purpose. In addition to the actual blood pressure, the increase in blood pressure with time is a risk factor, particularly for cerebral hemorrhage. Cerebral hemorrhage was more strongly related to diastolic than to systolic blood pressure, while cerebral infarction appeared to be more strongly related to systolic than to diastolic blood pressure. Stroke Vol 15, No 5, 1984 THE MORTALITY RATE for stroke has been on the decline in Japan in recent years, but it is still the highest in the world. 1 -2 Many studies, 3 " 6 both in Japan and elsewhere, have shown blood pressure to be the most important stroke risk factor. However, in most of these studies, the relationship between blood pressure and stroke has been based on blood pressure as measured at only one point in time. Recently, it has been shown that the change in blood pressure level with time is also an important risk factor, 7 "
12 but most observations on this longitudinal change are limited to two different points in time. Furthermore, few of these studies subclassify stroke into cerebral hemorrhage and cerebral infarction. The Atomic Bomb Casualty Commission (ABCC) and its successor, the Radiation Effects Research Foundation (RERF) have since 1958 continued detailed biennial examinations, including blood pressure measurements on a fixed population of about 20,000 subjects (A-bomb survivors and non-exposed controls). 13 This population is particularly suitable for observing the association between longitudinal changes in blood pressure and stroke incidence. In the present study, the association between successive longitudinal changes in blood pressure and stroke incidence in the aforementioned fixed population (during 1958-1974) has been examined.
Methods
Subjects
The subjects of this study are members of the fixed population of about 20,000 persons who constitute the basis of RERF's Adult Health Study. Since a relation between radiation and stroke has not been found in either mortality or incidence studies, 14 -24 radiation dose has been ignored here. Members of this population have been examined biennially for more than two dec-
